Total protein concentration
in serum is most commonly determined with the biuret reaction (1) . This method is simple, but its accuracy is limited by certain interferences (2) . A promising approach for a practical, but more specific method for serum proteins is the use of their absorption in the far ultraviolet region, near 200 nm. Because proteins have such a high absorbance in this region (about 20-fold more than at 280 tim), and the proteins are more concentrated in serum than are other molecules absorbing at this wavelength, it is only necessary to dilute the serum until nonprotein absorbance is negligible and measure the residual (protein) absorbance (3, 4) , which is due primarily to the peptide bond. Most of the different serum proteins appear to exhibit similar absorption coefficients (3, (5) (6) (7) .
Waddell (4), Tombs et al. (3) , and other investigators (6) (7) (8) (9) (10) (11) (12) (13) have recommended use of the far ultraviolet for protein determinations, but few clinical laboratories have done so. The reasons for this include: (a) spectrophotometers capable of providing accurate measurements in the 200-nm region have previously been quite expensive, and (b) special training has been necessary for technologists to use such instruments properly and to take the special care required.
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In recent years, however, a variety of medium-priced double-beam (or other stable) spectrophotometers, relatively simple to operate and capable of accurate measurements in the 200-nm region, have become available and are now in common use. Consequently, we have applied such an instrument, with a flow-through cell and recorder, for far ultraviolet determinations of serum proteins. We also studied diluenta, and were able to improve specificity.
Materials and Methods Spectrophotometry
We measured the absorbance of serum or protein solutions with a Coleman 124 Perkin-Elmer spectrophotometer (Maywood, Ill. 60153) in conjunction with a Coleman 165 Perkin-Elmer recorder and a flowthrough cell with a 1-cm lightpath. If a detergent solution is used as a diluent (described below), it is important that the tubing be large enough to permit the solution to flow through easily, without excess foaming. In some cases, absorbance values obtained with the  Model 124 spectrophotometer  were compared  with  values measured with a Model 17 spectrophotometer  (Cary Instruments, a Varian subsidiary, Monrovia, Calif. 91016). This instrument was used with nitrogen purging. It was not connected to a flow-through cell, and we used cells with standard 1-cm lightpaths.
Serum Dilution
An 80 g/liter protein solution was adjusted to an absorbance of about 0.8 at 210 nm by a 2500-fold dilution, in two 50-fold dilution steps. Although these dilutions can be made manually in preliminary experimentation, an automatic dilutor is preferable for routine use. It is, of course, important to determine that the dilutor does not introduce any impurities that absorb at 210 nm. We have had such contamination problems with Tygon tubing, and Teflon or other tubing should be substituted in dilutors containing any Tygon tubing. We used disposable "Falcon 2057" polystyrene culture tubes with polyethylene caps (Scientific Products, McGaw Park, Ill. 60085; cat. No. T-1342-2) to hold the solutions and have observed no contaminations.
Rubber stoppers, including those in Vacutainer tubes, should be avoided, because they are also likely to introduce absorbing materials. In certain cases, where indicated below, we attempted to check or correct for possible errors caused by sample turbidity. Diethyl ether, 3 ml, was added to 3 ml of the diluted serum after the first 50-fold dilution, the sample was shaken for 1 mm, and then centrifuged at about 1500 X g for 5 mm. A portion of the clear, diluted serum was then removed for the second 50-fold dilution (14) . A standard was run in the same manner. Glass tubes and pipets were used when these ether extractions were made.
Standardization
Although the absorption coefficients for individual serum proteins appear to be quite similar in the 210-nm region, it cannot be assumed that they are identical (3, 5, 6 of "Versatol" and Versatol A" calibration sera (from General Diagnostics, Morris Plains, N. J. 07950) were also confirmed by Kjeldahl analysis, and these latter two solutions were used as secondary standards and as controls. With a 2500-fold diluted standard solution, the absorbance at 210 tim was 0.770, which is within the previously published range (3, 5, 6, 11) .
When many protein concentrations
are being determined, it is possible, after first determining the absorbance of the standards at 210 tim, to change the wavelength so as to adjust the absorbance of an 80 g/ liter standard solution of protein to 0.800. With the 0.5-nm bandpass, this adjustment can be made with the Coleman spectrophotometer at a wavelength setting slightly below 210 tim. This permits the concentrations to be read directly from the tracings. Obviously, slitwidth and wavelength settings should never be adjusted between readings unless immediately followed by a recalibration with standard solutions and controls. When the concentrations of standard solutions are plotted vs. absorbance, the resulting plot is linear to 110 g/liter. At 120 g/liter, the apparent value is between 119.5 and 120 g/liter.
Auxiliary Procedures
Biuret reaction.
The biuret reaction was conducted with a continuous-flow analyzer essentially as described by Failing et al. (15) . We corrected for colored or turbid samples, when specified below, with serum blanks containing alkaline tartrate (without the copper) instead of the working biuret reagent (with the copper) (16) .
Where indicated below, the biuret reaction was performed manually after a preliminary separation of the serum proteins from some of the nonprotein constituents as described by Natelson (17) . The serum proteins were first precipitated with Bloor's reagent (3/1 by vol ethanol/diethyl ether). After centrifuging and decanting the supernate, we dissolved the precipitated proteins in the biuret reagent. With very turbid sera, the protein solutions may still be slightly turbid, despite the preliminary extraction of most of the lipids. In such instances, we corrected for the turbidity by the method of Shibata et al. (18) . Opal plates or diffusers (constructed of "Glaregard 83, a waterwhite crystal glass"; ASG Industries, Inc., Kingsport, Tenn. 37662) were placed adjacent to the surface of the cuvettes facing the light detector in both the reference and sample compartments of the spectrophotometer, as in Figure 1 of reference 18.
Micro-Kjeldahl reaction.
Values obtained for serum protein concentrations by the ultraviolet and biuret methods were also compared to those obtained by Kjeldahl analysis for nitrogen, by the procedure described by Hiller et al. (19) , with tungstic acid precipitation of the proteins. We used 6.25 as the factor for converting results for nitrogen to protein values. For very lipemic sera, we found it necessary to digest the sample with acid for as long as 4 h to clear the solutions without bumping or loss of sample.
Ultrafiltrate preparations.
Ultrafiltrates of protein solutions or sera were prepared by passing them through Centriflo Membrane Cones (Amicon Corp., Lexington, Mass. 02173; cat. No. 224-CF-SO).
Filtration was facilitated by centrifugation.
To minimize the chance of small portions of proteins passing the filter, we filtered each solution through two layers of the membranes. Any traces of proteins in the ultrafiltrate were measured by the method of Henry et al. (20) , and if any was detected a corresponding absorbance at 210 tim was subtracted from the measured value of the ultrafiltrate.
Other.
Cholesterol (21) and triglycerides (22) in serum were determined enzymatically. Serum protein electrophoresis was performed according to Nerenberg (23) . 
Protein Diluent
The accuracy of this method depends largely on the abifity of the diluent to solubilize the proteins and other serum constituents, and upon its transmission of far ultraviolet light. NaCl (9 g/liter) has most commonly been used previously as a diluent for the far ultraviolet determination of serum proteins (3, 4) . Consequently, we compared several other diluents to saline, including various salts, buffers, and water-soluble organic compounds.
On the basis of the above-mentioned criteria, the most effective diluent was a solution of the anionic detergent, sodium dodecyl sulfate. It was obtained from BDH Chemicals, Ltd., Poole, England, through Gallard Schlesinger Corp., Carle Place, New York, and used as a 44.4 g/liter aqueous solution, i.e., in about the same molarity as the saline. The pH of this detergent solution was 9.05. The absorbance at 210 nm of each new preparation of this solution should be checked against water. Figure 1 shows the absorption spectrum of the sodium dodecyl sulfate solution and that of saline. The sodium dodecyl sulfate has little absorbance in the 200-nm region, while absorbance of the NaCl solution begins to increase steeply at about 210 nm.
The sodium dodecyl sulfate was also found to be more effective than NaC1 as a diluent in reducing any resulting turbidity or light scattering by highly lipemic or turbid sera. The apparent protein concentrations were determined with a number of such sera by their absorbance at 210 tim, after dilution with NaCl or with sodium dodecyl sulfate. The results were also compared to those obtained by the Kjeldahl method, and some typical values are presented in Table 1 . With normalappearing sera, the results were the same whether the dilution was with saline or with sodium dodecyl sulfate. With turbid sera, however, the apparent protein concentrations obtained after dilution with sodium dodecyl sulfate solution were lower than with saline diluent, and agreed better with the Kjeldahl values. (More data are Table 3 .
presented on the same sera inTable 3.) Sodium dodecyl sulfate solution was also tested as a diluent at a concentration of 88.8 g/liter. The results were substantially the same as at 44.4 g/liter, and the latter concentration was used in the rest of this work.
If the samples are tightly stoppered after having been diluted, the absorbance appears to be stable for a number of days. If the diluted samples are stored frozen, the absorbance is probably stable considerably longer.
Abnormal Serum Proteins
To investigate whether or not any absorption coefficient differences for different serum proteins are likely to cause measurable errors in the results, we compared the ultraviolet method to the biuret and Kjeldahl methods for the determinations of serum protein in sera with different types of abnormal protein patterns. The results shown in Table 2 indicate that variations in absorption coefficients are not likely to be large enough to cause appreciable deviations from biuret or Kjeldahl values in the assay of most sera with protein abnormalities.
Sample
no. Because serum turbidity is generally recognized as one of the most serious causes of error in the determinations of proteins with the biuret reaction, the ultraviolet method has been compared (Table 3) to the biuret and Kjeldahl methods in the assay of a number of sera exhibiting turbidity associated with hyperlipemia.
Ultraviolet method
Increasing triglyceride concentrations tended to be associated with increasing turbidity. With triglyceride concentrations of up to about 7 glliter, none of the values obtained with the ultraviolet method differed by more than 2 gfliter from Kjeldahl values, despite the fact that some of these sera were highly turbid and had large concentrations of chylomicra. The protein concentrations obtained with the biuret method, however, exhibited random increases above the values obtained from the Kjeldahl procedure, as shown in Figure 2 . 
Hemolysis.
If the extinction coefficient of hemoglobin is similar to that of most other proteins in the 210-nm region, it might be anticipated that hemolysis would not cause any special error with the ultraviolet method (other than that caused by the actual increase in amount of protein in the serum from hemolysis). This possibility was investigated by comparing the protein concentrations obtained by the ultraviolet and biuret methods after making various additions of hemoglobin to serum ( Table 4) .
The results verify that the hemoglobin interference is appreciably reduced in the ultraviolet method, compared to that in the biuret method (14) . For example, if a value of 20 g/liter is subtracted from the value of the protein concentration determined after a 20 g/liter addition of hemoglobin to the serum, the resulting answer is falsely elevated by about 20 g/liter with the biuret method, but only by 3 g/liter with the ultraviolet method. The data in Table 4 indicate that in the case of more grossly hemolyzed specimens, errors caused by hemolysis could be compensated for somewhat more accurately by multiplying the hemoglobin concentration by a factor of 1.1 before the subtraction.
If hemoglobin concentrations are not determined and subtracted, the error is about half that with the biuret method.
Other interferences.
Possibilities of interferences by other serum constituents were also examined, but we did not detect any additional substances likely to cause very large errors. Additions of glucose, equivalent to a concentration in the serum of 5 g/liter, increased the apparent protein concentration by less than 1 g/liter. Bilirubin, even in concentrations more than 500 mgI liter, had no effect upon the protein value. Salicylate, at a concentration of 150 mg/liter, was also equivalent to a protein concentration of less than 1 g/liter, but a 300 mg/liter salicylate concentration is equivalent to an increase in protein concentration of 1 to 2 g/liter. We examined the absorbance at 210 nm of ultrafiltrates of a number of pooled sera, and of Monitrol (Dade Division American Hospital Supply Corp., Miami, Fla. 33152), Versatol, and Versatol A (General Diagnostics), but no instance of nonprotein absorbance equivalent to more than 1 g of protein per liter was encountered among the samples investigated. Other previous studies have also indicated that after the appropriate dilution there is relatively little nonprotein absorbance in serum ultrafilterates or supernatants in this wavelength region (3, 4) . The possibility always exists, however, that there are additional interferencesthat we did not detect.
Comparison of Methods
We compared results obtained with the ultraviolet method to those of the biuret and Kjeldahl procedures with a number of routine samples, in addition to those in 
Discussion
The anionic detergent, sodium dodecyl sulfate, has been used as a protein solubilizing agent for some time, and is commonly used in determination of molecular weights of proteins by polyacrylamide gel electrophoresis (24) . [Various proteins tend to acquire a more negative charge after reactions with the sodium dodecyl sulfate (25, 26) (27) . Murphy and Kies (9), however, have attributed these results to the use of 0.1 mol/liter NaOH, which has a high absorbance in the far ultraviolet region, as a protein diluent, and not to any intrinsic lack of validity in the use of the far ultraviolet for protein quantitation.
The comparatively small absorbance by sodium dodecyl sulfate can facilitate the use of a wavelength lower than 210 nm, closer to the maximum of the protein peak at around 190 nm. NaC1, 9 g/liter, has an absorbance at 200 nm of well over 2, and most spectrophotometers cannot effectively blank out this high a value. A wavelength near 210 nm has been used in this work because this wavelength has also been studied previously by other investigators for such purposes (3, 6, 10) , and because it may be more accurate or reliable with some spectrophotometers whose capabilities start to become marginal around 200 nm (without nitrogen purging). A number of spectrophotometers are available, however, that can provide accurate absorbance values down to wavelengths of 200 nm or less, and there does not appear to be any reason, in such cases, why advantage cannot be taken of the larger protein absorbance at the lower wavelengths.
When wavelength is decreased from 210 to 200 nm, protein absorbance is more than doubled. This is more than the increase over this wavelength interval in light scattering by highly turbid sera, and the relative magnitude of such interferences can thus be significantly decreased. On the other hand, we cannot see any advantages compensating for the decrease in protein absorbance when a wavelength of more than 210 nm is used. Most of the currently produced spectrophotometers that are accurate at 215 or 220 nm are also adequate at 210 nm.
A wavelength near 210 nm for protein quantitation is on the shoulder of the absorption curve, and is rapidly changing with wavelength. However, this does not appear to detract from the accuracy of the method if the wavelength setting is not changed between measurements of standards, controls, and samples. The opportunity of adjusting the wavelength to a value such that the absorbance and concentration numerically correspond (i.e., so that an 80 glliter standard has an absorbance of 0.800) is a distinct convenience in the compilation of a large number of answers.
The extinction coefficient we measured for total serum proteins at 210 nm corresponds to 241 for a 10 g/liter protein solution, similar to previously published values (3, 5, 6, 11) . Because the precise absorbance depends on the pH and conformation (28), it would not normally be anticipated that the absorbance of proteins in the sodium dodecyl sulfate solution would be exactly the same as in other solvents.
In conclusion, the high value of the protein absorbance in the far ultraviolet makes it practicable to dilute out the nonprotein absorbance and thereby diminish interferences.
Because it is only necessary to dilute the sample with an automatic dilutor and record the absorbance, the method appears to compare favorably with the biuret reaction in terms of both speed, simplicity, and specificity. It can readily be adapted as a micro procedure by diluting 5 or 10 d of sample (to 12.5 or 15 ml, respectively).
The same instrumental arrangement might also be useful for assays of uric acid or other determinations in the ultraviolet.
